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Abstract. Bees collect nectar, pollen and resins to produce honey. Pollen, which is present 
naturally in honey, is the main responsible for the presence of genetically modified (GM) material in 
honey. GM plants produce pollen containing transgenic DNA, nectar containing novel proteins or 
resins that bees may consume.  Today there is an increasing interest in natural food products, free of 
any contaminant, knowing that GM plants are grown in higher quantities every year. With GM plants, 
there is a possibility that transgenic DNA may be present in the plant parts and secretions collected by 
bees. Romania is one of the countries that grow GM maize (MON810) and is also a honey exporting 
country. For this reason it is necessary to develop different complementary analysis techniques to 
determine the presence of GM material in different bee products, so the export market will not suffer 
from the rejection of honey which is found to have traces of GM material in the composition. 
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INTRODUCTION 
 
Honey is a product made by the bees from pollen and nectar of flowering plants or 
plant sap (honeydew), which has been ingested and then excreted by sucking insects such as 
aphids.  Bee products intended for human consumption and derived from the plant parts 
collected by bees include honey (from nectar or honeydew, and containing traces of pollen), 
pollen and propolis.  
Genetically modified plants. Genetically modified (GM) plants are created by 
genetic engineering, to introduce a new trait in the plant, which does not occur naturally in it. 
Generally these new traits are expressed as novel proteins, to give the plant resistance to 
certain pests, diseases or to have resistance to environmental conditions.  
GM plants are grown in many countries like USA, Canada, Argentina, China, Spain, 
and the total planted area being in real growing since 2000, when the estimated global surface 
was about 44.2 million hectares (James, 2000). In 2009 the cultivated area with transgenic 
plants was more than 134 million hectares (http://www.madr.ro/pages/comunicate/pozitia-
mediului-academic.pdf). Herbicide-tolerant soybean is the most cultivated GM crop, with 
surfaces of more than 60% from the world area, followed by BT maize (genes of Bacillus 
thuringiensis (Bt) that encode lepidopteran-specific protein toxins, to protect maize against 
European borer (Ostrinia nubilalis Hbn)(Fishhoff, 1996). Other GM plants grown all over the 
world are herbicide-tolerant canola, herbicide-tolerant corn and cotton, Bt/herbicide-tolerant 
cotton, Bt cotton and Bt/herbicide-tolerant corn. Also different field crops (wheat, rice, 
barley, tobacco), flowers (roses, carnations), trees (poplar, spruce, sweet gum), oil crops 
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(sunflower, peanut), grasses, sugar crops (beet and cane), fruits (apple, cranberry, grape, 
melon) and vegetables (tomato, broccoli, pea, lettuce, potato) are also grown as GM plants 
(Hagedorn, 1997).  
European Union (EU) has a special policy regarding GM plants used as food. 
Consumers demand the choice between foods derived from GM plants and conventionally or 
organically produced plants, which requires a labeling system and before that, a reliable 
separation of GM and non-GM crops at field level and also in the food production chain. 
EU adopted the legal frame for authorization of the GM plants and products that 
derive from those, obligatory for all 27 states’ member. Introduction on EU market of a 
transgenic plant, for cultivation or processing and/or using as food or feed, it must be 
authorized at European level, involving all member states.  
Although at global level there are more than 30 events grown, EU authorizes only 2 
(MON810 maize and Amflora potato). This is a paradox, because EU imports GM soybean, 
corn and canola, used as feed and also in the production chain of certain foodstuffs.  
Romania is one of the countries within EU that allow the cultivation of MON810 
maize. The cultivated surface of this transgenic plant according to Agricultural and Rural 
Development Ministry is presented in Table1. 
 
Tab. 1 
Cultivate surfaces with MON810 maize in Romania during 2007-2012 
 
Genetically modified organism Characteristic Year Total authorized 
surface (ha) 
Maize (Zea mays L.) MON810 Bt Lepidoptera resistant 2007 321.0 
Maize (Zea mays L.) MON810 Bt Lepidoptera resistant 2008 7146.6 
Maize (Zea mays L.) MON810 Bt Lepidoptera resistant 2009 3243.5 
Maize (Zea mays L.) MON810 Bt Lepidoptera resistant 2010 822.6 
Maize (Zea mays L.) MON810 Bt Lepidoptera resistant 2011 588.0 
Maize (Zea mays L.) MON810 Bt Lepidoptera resistant 2012 216.9 
 
 
GM material and bees.  Bees collect nectar and pollen from plants as food for their 
colonies and for producing honey.  They collect also honeydew (plant sap that has been 
excreted by sucking insects as aphides) and plant resins to produce honeydew honey and 
propolis. The area that must separate the transgenic crops and conventional ones is minimum 
200 m. Fly area of the bees is more than 2000 m. If there are GM fields in this fly area, there 
is a possibility that transgenic DNA or novel proteins may be present in the plant parts and 
secretions collected by bees. Generally speaking bees are used as pollinators for crops and 
fruits, but there are also reports that bees are visiting plants such as corn and potatoes in the 
absence of better sources of forage. Thus, if modified, these plants might represent sources of 
GM material that could be collected by bees. From all the products derived from flowers or 
plants that bees collect, only pollen contains DNA. Another issue is that transgenic DNA may 
occur in any plant tissue, which normally carries DNA, but the novel protein, which is 
encoded will not necessarily be expressed in every tissue and could be absent in pollen (if this 
protein is not expressed in pollen)(Tab.2).  
Since pollen is a plant tissue composed of cells capable of protein synthesis, it is 
reasonable to expect to find transgene DNA in pollen grains and also novel protein, if the 
transgene’s promoter permits it.  
 
 43 
 
Tab. 2 
Expression of novel proteins in pollen of GM plants (Malone, 2002) 
 
Plant 
Novel protein 
encoded by 
transgene 
Promoter 
Expression 
level of novel 
protein in 
pollen 
Expression 
level as % of 
total soluble 
protein 
(estimated)1 
Reference 
Maize 
Bt toxin Maize pollen-
specific and PEP2 
(leaf specific) 
promoters 
260–418 ng/mg 
(of total soluble 
protein) 
0.026 – 
0.0418 
 
Kozeil et al., 
1993 
Maize 
 
Bt toxin CaMV 35S3 Nil 0 Kozeil et al., 
1993 
Cotton Bt toxin Cry 1Ac 
CaMV 35S 0.6µg per g 
fresh weight 
0.00024 Greenplate, 
1997 
Maize 
Bt toxin Cry 
1Ab 
 
Maize pollen 
specific and PEP 
promoters 
1100-2400 
ng/g fresh 
weight 
0.00044 – 
0.00096 
 
Fearing et al., 
1997 
 
Arabidopsis 
(experimental 
brassica) 
GUS (marker 
protein 
producing 
blue color) 
CaMV 35S Nil 0 Wilkinson  
et al., 1997 
 
Arabidopsis GUS nopaline 
synthase (NOS) 
Nil 0 Wilkinson  
et al., 1997 
Tobacco 
GUS CaMV 35S <64.6 pmol 4- 
MU /min/mg 
of total protein 
N/A Wilkinson  
et al., 1997 
Tobacco 
GUS NOS <2561 pmol 4-
MU/min/mg of 
total protein 
N/A Wilkinson  
et al., 1997 
Tobacco 
nptII 
(kanamycin 
resistance) 
NOS 1.39 ng/mg of 
total protein 
0.000139 Anon A, 
1998 
 
Oilseed rape Oryzacystatin I 
 
CaMV 35S Nil 0 Bonadé 
Bottino 
et al.., 1998 
Oilseed rape Bowman-Birk 
trypsin-inhibitor 
CaMV 35S Nil 0 Jouanin  
et al., 1998 
Oilseed rape nptII(kanamycin 
resistance) 
NOS 1.61 ng/mg of 
total protein 
0.000161 Anon A, 
1998 
Maize 
(Starlink) 
Bt toxin Cry9C CaMV 35S 
 
0.24 µg/g 
fresh weight 
0.000096 Anon U, 
2000 
Maize  
(Bt 11) 
Bt toxin Cry 
1Ab 
CaMV 35S < 90 ng/g dry 
weight 
N/A Anon V, 
2001 
Maize  
(MON 810) 
Bt toxin Cry 
1Ab 
CaMV 35S < 90 ng/g dry 
weight 
N/A Anon V, 
2001 
Maize  
(Event 176) 
 
Bt toxin Cry 
1Ab 
 
maize pollen 
specificant PEP 
promoters 
< 7.1µg/g of 
pollen 
 
< 0.00284 Stanley-Horn 
et al., 2001 
Cotton Bt toxin 
Cry1Ac 
CaMV 35S 11 ng/g fresh 
weight 
0.0000044 Anon V, 
2001 
1Values expressed as a proportion of fresh pollen weight in the original reference have been converted  
using the assumption that fresh pollen is 25% protein. 
2Phosphoenolpyruvate. 
3Cauliflower mosaic virus 35S promoter. 
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MATERIALS AND METHODS 
 
In order to establish if honey has pollen from GM plants, and knowing the GM plants 
that are cultivate in the region where honey was collected, the analysis must be divided in 
two: palinological identification (qualitative determination –to establish if the pollen from 
GM plant is present) and molecular techniques using Polimerase Chain Reaction (PCR) 
methods. Palynology can establish spectra of pollen species, relative frequency of species, 
absolute pollen per every species and quantitative analysis of each pollen. Botanical and 
geographical (regional) origin of honey can be made, of course together with other analysis 
from honey. Because GM-pollen is not perceptible, could not be identified by this method.         
Currently two methods may be used to determine the GM status of foods. With the 
polymerase chain reaction (PCR) test for transgene DNA, a “primer” (consisting of a piece 
of DNA with a sequence that could only occur in the transgene) is added to a sample of the 
food to be tested. If the primer matches any DNA in the sample, then the PCR will cause this 
DNA to be “amplified”. The amplified DNA can then be stained and visualized to give an 
indication that the sample contains some transgene DNA (Fig.1). With quantitative 
polymerase chain reaction (qPCR), the concentration of transgene DNA in the sample may 
also be estimated. Theoretically this method is very sensitive and can detect even one or two 
pieces of transgene DNA in a sample. In practice, its sensitivity will depend on the nature of 
the food being tested and the transgene DNA sequence that is determined. 
 
 
 
Fig.1. PCR method for discrimination between GM and non-GM material 
  
Because EU establishes precise rules for labeling GM material in foods or food 
ingredients with 1% threshold, many researches developed different technologies aimed to 
quantify very precisely the presence of GM material in food and additives.  
Honey and bee pollen are the only bee products that may contain GM material in the 
composition. These products must be subjected to EU rules for labeling GM material. Pollen 
is a natural component of honey that may end up here due to gravity, wind or foraging bees. 
Due to the morphology of the flower and pollen size, this can be under or over represented in 
nectar and we can find it in different amounts in honey. Anemophilous plants pollen can 
adhere to nectar of other plants or to honeydew and for this reason it can be found in honey in 
a palinological analysis.  
Sample preparation and DNA extraction. Honey contains 75-80% sugars, mainly 
glucose and fructose. For the extraction of DNA, it is crucial to separate DNA from these 
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sugars. Different procedures were developed to yield maximum DNA from honey (Cheng et 
al., 2007; Valentini et al., 2010).  
A total amount of 100g of honey is separated in four equal parts. 12.5 g of 
homogenized honey is placed into sterile 50 ml centrifugation tubes, and approx. 40 ml of 
distilled water is added to each tube. The mixture is dissolved for approx. 10 min at 30-40°C 
by shaking and centrifuged for 10 min at approx. 4.000xg. The pollen removed by 
centrifugation is suspended with 5 ml of distilled water and reunite the four parts of the test 
portion. The pollen suspension is filled up with distilled water to a volume of approx. 20-30 
ml and centrifuged again for 5 min at approx. 4.000xg. The supernatant is decanted and the 
pellet is re-suspended in approx. 0.5 ml of sterile water than transferred into a 2 ml reaction 
vessel containing approx. 100 mg of glass beads (particle size approx. 500 µm).  
The suspension is allowed to stand overnight. Subsequently the suspension is 
shacked in an oscillating mill at a frequency of 20 s-1 or in a mechanical high-speed shaker 
(e.g. Vortex) for 1 min. (Waiblinger et al., 1999; Waiblinger et al., 2005). 
For extraction, 1 ml of CTAB buffer is added and incubated for 30 min at 65°C at 
maximum shaking frequency in a thermo-shaker. As an option, an RNase digest may be 
carried out at this point. Proteinase K-solution is added and incubated again for 60 min at 
approx. 65°C while shaking. The samples are left to cool down at room temperature and 
centrifuged for 10 min at 13.000 x g or more. 1 ml of the clear supernatant is transferred into 
a new 2 ml reaction vessel. Add 500 µl of chloroform and mix for approx. 30 s. 
Centrifuge for 10 min at 13.000 x g, then transfer the upper aqueous layer into a new 
1.5 ml reaction vessel. Precipitate the DNA with 0.8 volumes of isopropanol for 30 min at 
room temperature and pelletize by centrifugation for 10 min at 15.000x g. Wash the pellet 
with ethanol (70%), dry and dissolve in 50 µl of TE (Waiblinger et al. 2005). 
Other methods can be used if they produce results of the same or better quality. As 
an option, the obtained DNA can be used to carry out a clean-up procedure for the elimination 
of possible inhibitors (Waiblinger et al., 199). The undiluted DNA-solutions should be tested 
for the presence of inhibitors by applying a suitable procedure (e.g. European Network of 
GMO Laboratories). To control the amplificability of the extracted DNA, a plant-specific 
PCR procedure can be applied (Laube et al., 2010). 
PCR detection. For the PCR the DNA should be undiluted if possible. DNA, which 
is used for the measurement of the calibration curve, should be isolated from reference 
material by applying a suitable extraction method. Testing the presence of pollen from 
genetically modified plants in honey, an analytical strategy, which is based on an increase in 
specificity and in this order of the real-time PCR methods are applied. 
Screening method. At first validated screening methods (DIN EN ISO 21569:2005, 
DIN EN ISO 21570:2006) are used to analyze for traces of GM plants. Positive results can be 
specified by combining different screening methods (Waiblinger et al., 2010).  
 
RESULTS AND DISCUSSIONS 
 
Double screening of sample may give positive or negative results.  If negative results 
are obtain, no GM material is present and we have marketable honey. If performing the 
microscopic method for identification of possible GM pollen we have positive results, GM 
material may be present in the sample. Performing PCR analysis positive or negative event-
specific results can be obtained. In this case, honey is not marketable until it is demonstrated 
that does not fall under incidence of EC Regulation 1829/2003 on genetically modified food 
and feed. This means that threshold is under 1% (no need to be labeled), and the amount of 
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GM material came from allowed for cultivation GM plants. 
Evaluation of PCR results. The results for the test portions and the control samples 
must be unambiguous and the controls must show the expected results (according to DIN EN 
ISO 24276:2005). For quantification with an event-specific method, the practical limit of 
detection and limit of quantification must be determined via the ratio of the theoretically 
achievable limit of detection and limit of quantification of the transgene detection to the 
sample-related quantity of amplified species-DNA. In this case, is necessary to prove that the 
GM material came from pollen originating from GM-crop, taking into consideration that GM 
material could came from different sources of feed, which the beekeeper used to feed the 
bees. Many studies must be made in order to find the best procedures of analysis, because it is 
known that honey has a small amount of DNA, and these analyses are very expensive needing 
also a good experience of the analyst.  
 
CONCLUSION 
 
In conclusion, some strategies must be developed to minimize the inclusion of GM 
material in bee products: 
 Beekeeper must contact the government for a GM-crop site map of the area 
 Proper separation of GM from non-GM crops, regarding distance or flowering times (to 
be sure that there are good sources of feed for bees in the period of flowering of GM crops) 
 Using bee management to maximize foraging on particular directions and crops 
 Placing the bees at a sufficient distance from GM crops, taking into consideration the 
foraging distance 
 Using post-harvest analysis to detect the pollen that may came from GM crop in honey 
of other bee products 
 
REFERENCES 
 
1. Anon, A. (1998). MAFF Project No. 2B 067. Honey from genetically modified plants: 
integrity of DNA, & entry of GM-derived proteins into the food chain via honey. Laboratory of the 
Government Chemist. 
2. Anon, U. (2000). Bt Plant-Pesticides Biopesticides Registration Action Document, United 
States Environmental Protection Agency. 
http://www.epa.gov./scipoly/sap/2000/october/brad_2_scienceassessment.pdf. 
3. Anon, V. (2001). Bt Plant-Incorporated Protectants September 29, 2001 Biopesticides 
Registration Action Document, United States Environmental Protection Agency. 
http://www.epa.gov/oppbppd1/biopesticides/otherdocs/bt_brad/Bt_BRAD_II.pdf . 
4. Bonadé Bottino, M., Girard, C., Le Métayer, M., Picard-Nizou, A.L., Sandoz, G., Lerin, J., 
Pham-Delègue, M.H. and Jouanin, L. (1998). Effects of transgenic oilseed rape expressing proteinase 
inhibitors on pest and beneficial insects. Proceedings of the International Symposium on Brassicas, 
Acta Hort. 459, 235-239. 
5. Cheng, H., Jin, W., Wu, H., Wang, F., You, C., Peng, Y. and Jia, S. (2007). Isolation and PCR 
detection of foreign DNA sequences in bee honey raised on genetically modified Bt (Cry 1 Ac) cotton. 
Food and Bioproducts Processing, 85(2), 141-145 
6. DIN EN ISO 21569:2005, Lebensmittel-Verfahren zum Nachweis von gentechnisch 
modifizierten Organismen und ihren Produkten-Qualitative auf Nukleinsäuren basierende Verfahren. 
Beuth, Berlin. 
7. DIN EN ISO 21570:2006, Lebensmittel-Verfahren zum Nachweis von gentechnisch 
modifizierten Organismen und ihren Produkten-Quantitative auf Nukleinsäuren basierende Verfahren. 
Beuth, Berlin. 
 47 
8. European Network of GMO Laboratories: Verification of analytical methods for GMO testing 
when implementing interlaboratory validated methods. Version 22.07.2011.  
http://gmocrl.jrc.ec.europa.eu/doc/ENGL%20MV%20WG%20Report%20July%202011.pdf. 
9. Fearing, P.L., Brown, D., Vlachos, D., Meghji, M. and Privalle, L. (1997). Quantitative 
analysis of CryIA(b) expression in Bt maize plants, tissues, and silage and stability of expression over 
successive generations. Mol. Breed., 3(3),169-176. 
10. Fishhoff, D.A. (1996). Insect-resistant crop plants. In Biotechnology and Integrated Pest 
management (ed.Persley GJ). 214-227 
11. Greenplate, J. (1997). Response to reports of early damage in 1996 commercial Bt transgenic 
cotton (Bollgard™) plantings. Soc. Invert. Pathol. Newsletter 29 15-18. 
12. Hagedorn, C. (1997). Commercial status of transgenic crops and microorganisms. Available 
at www.ext.vt.edu/news/0021/cals/cses/chagedor/crplist.html  
13. James, C. (2000). ISAAA Briefs No. 21–2000 preview. Global status of commercialised 
transgenic crops: 2000. Available at http://www.isaaa.org/publications/briefs/Brief_21.htm  
14. Jouanin, L., Girard, C., Bonadé-Bottino, M., Le Metayer, M., Picard Nizou, A, Lerin, J. and 
Pham-Delègue, M. (1998). Impact of oilseed rape expressing proteinase inhibitors on coleopteran 
pests and honeybees. Cahiers Agriculture 7, 531-536 
        15.  Kozeil, M.G., Beland, G.L., Bowman, C., Carozzi, N.B., Crenshaw, R., Crossland, L., 
Dawson, J., Desai, N., Hill, M., Kadwell, S., Launis, K., Lewis, K., Maddox, D., McPherson, K., 
Meghji, M.R., Merlin, E., Rhodes, R., Warren, G., Wright, M. and Evola, S.V. (1993). Field 
performance of elite transgenic maize plants expressing an insecticidal protein derived from Bacillus 
thuringiensis, Bio/Technol. 11, 194-200 
        16.  Laube, I., Hird, H., Brodmann, P., Ullmann, S., Schöne-Michling, M., Chrisholm, J. and 
Broll, H. (2010). Development of primer and probe sets for the detection of plant species in honey. 
Food Chem. 118, 979–986. 
        17. Malone, L. (2002). Literature Review on Genetically Modified Plants and Bee Products.  
http://www.maf.govt.nz/mafnet/rural-nz/research-and-development/biotechnology/index.htm   
       18. Stanley-Horn, D.E., Dively, G.P., Hellmich, R.L., Mattila, H.R., Sears, M.K., Rose, R., Jesse, 
L.C.H., Losey, J.E., Obrycki, J.J. and Lewis, L. Assessing the impact of Cry1Ab-expressing corn 
pollen on monarch butterfly larvae in field studies. Proc.Nat.Acad. Sci. USA, 98 (21), 11931-11936. 
        19.  Valentini, A., Miquel, C. and Taberlet, P. (2010). DNA Barcoding for honey biodiversity, 
Diversity, 2(4), 610-617. 
       20. Waiblinger, H.U., Wurz, A., Freyer, R. and Pietsch, K. (1999). Spezifischer Nachweis von 
gentechnisch verändertem Raps in Honig. Dtsch. Lebensm. Rdsch.  95, Heft 5: 192–195. 
       21. Waiblinger, H.U., Ohmenhäuser, M., Pietsch, K., Ritter, W., Steegmüller,  J.,  Krech,  A., 
Horn, P. and  Schroeder,  A. (2005). Die Untersuchung von transgenem Rapspollen in Honigen mittels 
Real-time-PCR. Dtsch. Lebensm. Rdsch 101, Heft 12: 543–549. 
      22. Waiblinger, H.U., Grohmann, L., Mankertz, J., Engelbert, D. and Pietsch, K. (2010), A 
practical approach for authorized and unauthorized genetically modified plants. Anal.Bioanal.Chem. 
396, 2065-2072. 
 
 
 
 
